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Effect on Production of Avermectins of Spore Pigment
Biosynthesis in Streptomyces avermitilis NRRL8165

Juanjuan Zhu, and Meifeng Tao

State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China

Abstract: The flanking fragments of the whiE, gene cluster was PCR amplified, cloned and used to construct the gene replacement
plasmid pHL643. pHL643 was conjugated into Streptomyces avermitilis NRRL8165 followed by screening for double crossover event,
yielding three apramycin resistance and thiostrepton sensitive isolates named ZJ1, ZJ2 and ZJ3, which were deficient in biosynthesis of
the grey spore pigment. The whiE, gene replacement of these isolates was confirmed by Southern hybridization. Fermentation of the
mutant strains in shaking flasks and HPLC analyses showed that the production of avermectins increased by 47% compared with that of
the wild type, indicating that the spore pigment biosynthesis competes with the avermectins biosynthetic pathway.
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Fig. 1 Location of whiE, cluster, primers in the chromosome of S. avermitilis
Black arrows showed whiE, genes eight open reading frames
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Table 1 Strains and plasmids

Strains Relevant characteristics Reference
E. coli DH5a AlacU169 (@80 lacZAM15) recAl [12]
ET12567 (pUZ8002) recF dam™ dem™ eml tet str pUZ8002 [13]

S. avermitilis NRRL8165 producer of avermectin [8]

S. avermitilis(2J1,2J2,2)3)  deficient in biosynthesis of the grey spore pigment in S. avermitilis NRRL8165 this article
pl773 4.3 kb, pBluescript KS (+), aac(3)1V, oriT (RK2), FRT sites [14]
plJ2925 2.69 kb, bla, lacZo [15]
pHJL401 5.94 kb, ori pUC19, ori SCP2*, bla, tsr, lacZa [16]
pHLSL Fositange marker e (515 oniT-was hoated into EcoR | and o 1 st of pHLoszs e
pHL642 9.08 kb, PCR products, 1560 bp and 1580 bp were ligated into mutiple cloning sites of pHIL401 this article
PHL643 10.37 kb, pHL641 was digested by Bg/II, a 1.29 kb fragment, resistance marker this article

aac(3)IV+ oriT was ligated into BamH 1 site of pHL642
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1.1.2  &H
A FE it FH BRI P DD R S R L Tag RA T
pyrobest 4 -F TaKaRa 7\ #); T4 DNA Ligase
Promega j”*fir; DNA 43 Fitbric ) T35 49 T2
/N H) . DIG DNA Fric FIAS I 75 & 1 F Roche 2 #l;
B 24 B 28 B o & A F Sigma /A A .
1.1.3 FE#EH

KIGAF B G5y LBYY; B 2k 4k 25 1 31 447 0
Bigrahy YMSPO itk i 323 YEMEDMY, KgiT
A S BT R R R B S R SR I | BT R TR R
FEE () - R R SRR 77 B 57 3 2 DL Sk [10]; LB
N HE TR AW E S, 100 pg/ml, FHATIEE N
30 pg/mL, FEE N 25 ug/ml, RIARE R 25 ug/ml;
YMS H B i 22 0 2 {2 B0 10 pg/mL, Bl
2% A 30 pg/mL, ZEWERHRR K 25 pg/mL.
1.2 DNA #1E

Jo R B HORN 7 Ak 85 JEAC KA DL SCHR[9]; B2 AT
Kig% . &L DNA I, KA -5 6 25 o 10 & Rl 3 A
By 1k UL SCHR[11]; M o bRid DNA 4T il
Southern 24322 B it U B 43 R SCHR[9]
1.3 5I¥git# PCR A

M 4 BT 24 4% 25 7 MA-4680 R 2I{5 8., 4214 1
A8 2 %514 F1(5'-3'): CCCGGAATTCGGTCTGG
AGGGTGCCGTTGA( N RIZ R EcoR I i U117 55),
R1(5'-3"): TCGCGGATCCGTCTATTGCCGTGCCGA
AGC(T A% N BamH 1 {7 %), F2(5'-3"): TCGCG
GATCCCCGCACCCTGTTCCAGTTCA( F &Il £ N
BamH 1 BEIH7 A) A1 R2(5'-3'): AAAACTGCAGCG
TGGGCAAGTCCGTGTTCT( FRIZ Ny Pst 1 BYIfL
). DIBT4E5E 25T NRRL8165 14 54 DNA WAtk
1T PCR 14, PCR Jz i 4514 95°C 45 s, 65°C 50 s,
72°C 2 min 20 s, 25 MR, 72°C & fiff 10 min,

C18 L AHAE, N2 4.6 mm, #4300 mm; izh
AH R FHEE-7K (85:15), Yl 1.0 mL/min; A+
7 246 nmit9,
14 %B#EI HPLC 47

Bl mL REER, 4 mL R SE404R M
30 min J&, ELECEIEHAT HPLC 4387 /#r 2 4F:

2 %

21 whiE, ZEEZEMERBEERERE SR
REYHE

R T EEA whiE, BED RN B 4, it 2 %05
Y F1. R1FIF2, R2, DIB4EE%E 17 NRRL8165 [y
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A DNA SR, $ 1.3 (55138 whiE, 5L M iy
MZEFEF, 43504 1560 bp il 1580 bp.1560 bp i) PCR
P EcoR | Fl BamH | ], 1580 bp A4 PCR =4
BamH | #1 Pst | BigYl, P55 EcoR | Fll Pst | Z&PEALH)
pHILA01 &%, 1950k pHL642, LA F1 1 R2 M5 4%
pHL642 M1 Tl 7, 25 FERITH|—3, BamH | [
Y] pHL642, 5 pHL641 ) 1.29 kb Bgl Il Fr BeAHiE, 15
LBk pHL643, R LA 2,

2.2 whiE, EEEHEREEik

221 EBE I

TEPTAEAE T TE T, pHL643 4 (1 whiE, LK%
ML 3 41 F Brd o 5 4 R [R5 R Be & Az 9 IR JR) I3
W, YR A whiE, ¥ aac(3)1V+oriT Fr BT
B, kL pHL643 54k 2 KA FF R ET12567
(pUZ8B002), FIFHJE [ Hz6 H FoH% pHL643 B )@ % 5%
P4 7 NRRL8165 . PREByA 7 5 K ik
WAL T, AL 2 5 Z8RE R 1 YMS B 57
o Eaith, Kotk e MiES BB FREIIUERM
YMS K 5L A% IR 2 i WA AR R
TE AR TS, TSR 3 #RPNANIE Rk . sk
22 R BUR A TER, gk 201, ZJ2 A Z2)3,
2.2.2  Southern 355 1iF 2 A & #

F Southern Z4AZEGHIE 3 HRE ARG K
whiE, JeRFE T BIE B aac3)IV+oriT 1 B & e,
$EHL NRRL8165(HF A= 1) . ZJ1, ZJ2 F1 ZJ3 ik DNA,
i BamH | S22 WY, S BN WEEERE 5 85, AT
Southern 2452, UL F2 fl R2 A 514, NRRL8165 i
PR E DNA A PCR 34 #Y 1.58 kb H BE A4S .
HRAEF 5, BFA T Ge K7 51 B 1 4% 9022 bp 4%
W, BWTERE ZJ1. 232 i 233 By whiE, FEDFRE B
B aac(3)1V +oriT Fr Bx &, NI 1 4% 3765 bp 4%
AEHT o ASCA R G AR (K 3), e 231, ZJ2
F1 233 whik, SERE Fr B O 4B i B A
2.2.3  FEIA B I 9 7T K

W DR T RR O BRTR VR OB AR YT AR
NRRL8165 [F]if i /i YMS -4, 28°C 155 4 d, K FL
HP A R AR O 7 B3R, R AE R I S B 4
WA T TR, B, kel 5~10 d &
DRI 40 D ARATS R 11 £ (T 4) 0 X P R T B8 22 R A5
FNEE . whiE, R ER )G, W4ERERE A7 A4
flFER, XMWk BRY] whik, 5K AT G821
TERG MR
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/ M Gene replacement chromosome
aac(3) IV+oriT
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Fig. 2 Construction of the gene replacement plasmid pHL643 and replacement of whiE, in NRRL8165
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Table 2 Comparison of the avermevtins production between S.

9022 bp —> avermitilis NRRL8165 and whiE, replacement mutants
Stain Titer ?(ug/mL) Increasing rate (%)
NRRL8165 236.8
ZJ1 344.5 45.5
- 3765 bp
d ZJ)2 353.3 49.2
3 EiRBEH Southern Z+3Z 18 1E 233 343.2 44.9
Fig. 3 Southern blotting confirmation of replacement strains Th f1h |
1: S. avermitilis NRRL8165; 2: ZJ1; 3: ZJ2; 4: ZJ3 3) € average of three samples

23 BIHRBEHKEEFEYE HPLC S

DA M & R BT 4455 25 7 NRRL8165 S Xif I B Kk,
XHEHE R 231, ZJ2 A1 ZI3 SR TR A SR, H
R IR R, EAAE IR ik 1.4, LB BORAR 6
i (HPLC) e 17 B % HE BT 24 1 227 0 o i i 2 115
W 5 S [ BT 4 8 22 20 A0 whiE, IR 32 58 i 10
P (E 5) . ALK B 3 ATATRE. FE 2
LA AT Y, A 00 T T 7 B 4 T 2 7 0 L R
= BIMRARE T 47%. I FLA 4150854 W B4 s, Jorp

i % SR d B S
B4 whiB, BEEERE R RENE Bla 41401 A2a 415 F IR TR, 15 ih & bk
Fig. 4 Phenotype of whiE, replacement mutants L
A: NRRL8165; b: ZJ1; ¢: ZJ2; d: ZJ3 FHEG A 588 5 T 44%7F1 53.6%.
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